This paper addresses the following question: What kind of symmetry breaking would be required to make the gauginos of a supersymmetric U(3)xU(3) theory look like two families of Standard Model left-handed quarks? The answer is: A heavy Higgs mechanism that breaks the group down to SU(3)xSU(2)xU(1) along with an explicit first order supersymmetry breaking term. After this symmetry breaking, the gauginos have the same charge and gauge interactions as two families of left-handed quarks. Right-handed quarks and leptons for the two families are introduced as part of chiral multiplets, and quark masses are generated through interaction terms.
is supported by a theorem from Haag, Lopuszanski, and Sohnius [5] which showed that for particles to be supersymmetric partners (in N=1 supersymmetry), they would have to be in the same representation of the gauge group. For example, this restriction would rule out left-handed quarks from being the supersymmetric partners of gauge bosons, since the former are in the (3, 2) representation of the group, while the latter are in the adjoint representation. In the 1970s, Fayet explored a number of possibilities of matching up existing particles as supersymmetric partners before finally concluding that this could not be done [6, 7] . It is argued that if supersymmetry is realized in Nature, every existing particle must have a supersymmetric partner that has not yet been detected.
Although the above argument applies to theories with unbroken supersymmetry, the aim of this paper is to show by example that it does not necessarily apply to a theory with explicitly broken supersymmetry. Like most supersymmetric models that attempt to describe observed particles (e.g. the MSSM [8] [9] [10] ), the model explored here has explicit supersymmetry breaking terms in the Lagrangian.
In particular, this paper presents an example of explicitly broken supersymmetry that allows the "gaugino" supersymmetric partners of gauge bosons in a U(3)xU(3) Lagrangian to have the same masses and interactions with gauge bosons as the first two families of left-handed quarks in the Standard Model. The supersymmetry breaking terms added to the Lagrangian go beyond the usual "soft" terms that are known to avoid introducing quadratic divergences [11] and even beyond the "maybe soft" terms presented in [2] . However, arguments are provided that at least for the vector multiplet, the supersymmetry breaking terms should not introduce quadratic divergences.
The explicitly SUSY-broken Lagrangian considered in this paper has an interesting mathematical property. It is an "average" of "Half-SUSY" Lagrangians. A Half-SUSY Lagrangian is defined in this paper through the following feature: If one adds two copies of a Half-SUSY Lagrangian, where in the second copy, all fields are replaced by their conjugates, the resulting Lagrangian is supersymmetric. Conjugate in this sense (and throughout the paper) refers to a conjugate representation of the underlying gauge group. As will be shown below, although not supersymmetric in the usual sense, actions written from Half-SUSY Lagrangians are invariant to superspace translations.
The supersymmetric vector Lagrangian for a U(3) gauge field is given by [1] [2] [3] [4] : 
L and 2V
L may be arranged as block diagonal parts of a 6x6 matrix:
In the above matrix, each of the four quadrants represents a 3x3 matrix and the trace (with a capital T) is taken over the full 6x6 matrix. The Lagrangian VSUSY L can be rewritten using the following notation for 6x6 field matrices:
(3)
To simplify expressions involving the four independent coupling constants, the following abbreviated notation will also be used when a g is directly in front of a 6x6 gauge field:
The "twist" of this paper is to create combinations of the "1" and "2" gaugino fields and rotate those combinations to the 3x3 off-diagonal blocks of a 6x6 matrix:
Throughout this paper, an upper T index is used to denote a transpose in U(3) space (not spin space); for example: 11 T a Ta t   . An upper index in parentheses is used to denote fermion family, as opposed to the lower "1" and "2" indices that correspond to the two U(3) Lagrangians in eq (2) . Using these 6x6 notations, the supersymmetric Lagrangian of eq (2) can be rewritten as follows:
where from eq (5)
and I is the 3x3 unit matrix. VSUSY L is still supersymmetric; it is just rewritten with different notation.
The next step is to introduce a first-order term VSB gL that explicitly breaks supersymmetry such that the resulting Lagrangian V VSUSY VSB g  L L L takes the form:
Usually when explicit supersymmetry breaking terms are included in a Lagrangian, a restriction is imposed that these terms must be "soft", meaning that they do not introduce quadratic divergences. For theories involving scalar fields, only a few types of supersymmetry breaking terms have been unambiguously proven to meet this requirement [11] . Although the symmetry breaking term VSB gL used here is not one of the proven "soft" terms, the resulting SUSY-broken theory V L is still a gauge theory without any scalar fields, so at least in that context, VSB gL should not introduce quadratic divergences.
If a Brout-Englert-Higgs mechanism breaks the U To make this correspondence more concrete, for the remainder of the paper, the nonAbelian 1 a  gauge bosons in eq (3) will be taken to correspond to gluons, and the top 2x2 block of 2 a  will be taken to correspond to weak gauge bosons (mixed with the U(1) field). Possibilities for the Higgs symmetry breaking will be discussed later in the paper, but for now it will just be assumed that all gauge fields with components in the last row or column of 2 a  obtain very heavy masses.
Potentially following a symmetry breaking scenario like the one presented later in the paper, the U(1) field that survives after that heavy symmetry breaking has the group structure  
, equivalent to that of the electroweak hypercharge.
Electroweak symmetry breaking then imparts Z-boson-scale masses to gauge fields with components in the second-to-last row and column of gA  . The U(1) field that remains massless after this symmetry breaking (the photon) has the following group structure:
where the electric charge e can be derived from the coupling constants 1 2 1 ,, g g g and 2 g . It should be noted that the top 5x5 block of the photon in eq (9) has the same group structure as the photon in the SU(5) grand unified theory [4, 12] .
The similarities of V L to SU (5) are not limited to the photon. The gauge-gaugino interaction in V L is similar in structure to the interaction between the gauge fields and the 10-5 representation of fermions in SU (5) . Using this analogy as a guide, the components of   1  can be re-labelled as follows: 
where
It is straightforward to verify that the supersymmetric Lagrangian 
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In other words, VSUSY L is the "average" of two copies of the Lagrangian VH L , where in the second copy, the fields are replaced with their conjugates. A Lagrangian like VH L that has this property will be referred to as a "Half-SUSY" Lagrangian.
Using eq (12) , the functional dependence of VH L can be expressed in terms of   1  and   2  independently. Using this notation, the Lagrangian V L presented above that allows gauginos to interact like left-handed quarks can be derived through the following "average" of "Half-SUSY" Lagrangians:
The procedure outlined above provides additional motivation for the symmetry breaking 
where "+h.c." means to add the Hermitian conjugate and the notation conventions of [1] have been used. Since As was the case for the vector Lagrangian, the form of the supersymmetry breaking term can be derived by taking an average of Half-SUSY Lagrangians. Rather than simply write down the SUSY-broken Lagrangian as was done in the vector section, in this section, the Lagrangian will be derived from a Half-SUSY Lagrangian and a number of averaging procedures. But first, more notation must be defined.
Throughout this paper, a tilde is used to denote the conjugate representation of a group. (20)
The antisymmetric matrix above has the same group structure as the can see that
Consequently, the matrices for the antisymmetric and conjugate-antisymmetric representations of U(3) are defined to be:
where the subscript "A" denotes the antisymmetric representation. From eqs (19) and (22), it can be seen that the antisymmetric representation is the same as the conjugate-fundamental representation for SU(3), but differs for U (3) .
For the remainder of the paper, whenever an "A" or "F" subscript or a tilde is applied to A  ,  , or D , it means to replace all of the a t matrices in their definition with the appropriate matrices from eqs (19) or (22) above. As will be shown later in the paper, if one replaces the a t matrices with the a A t matrices of eq (22) when constructing the photon, one finds that in the antisymmetric representation, the photon has the following group structure:
The placement of the 0 in this representation of the photon is important, since it facilitates the generation of up and charm quark masses.
Now that four representations of U(3) have been identified, the next step is to add the following four 6-vectors of fermions and scalars into the theory:
where the top and bottom components of each of the above pairs are 3-vectors associated with one of the U(3) representations in (19) or (22). For the scalar fields, the top and bottom triplets will be referred to as squarks and sleptons, respectively. To make chiral multiplets, the theory also includes auxiliary fields F and the antiparticles of the chiral fermions. Using these multiplets, one may construct the following Lagrangian:
where VH L is defined in eq (11) and the sums over R (and R ) mean to sum over four values: the "F" and "A" representations and their conjugates. Also U is the rotation matrix of eq (7) and W is the superpotential, a function of the scalar fields.
Just as in eq (4), g multiplied by A  ,  , or D is being used as abbreviated notation to include all of the correct coupling constants for each part of the field's representation. For example:
Using H L , one may construct the following Lagrangian:
, , , , , , , ,
On the right side of the above equation, the conjugate representations are shown explicitly; the subscript R only designates two values "F" or "A" (as opposed to R in eq (25) which was used to designate four values: F, A, and their conjugates). In the second term of eq (27), it is also implied that ,, One may begin by defining the field combinations:
A first averaging procedure (designated by appending a "1" index to the Lagrangian) is defined 2  2  2  2  2  2  2  2  2  11  1  22 , , ,... , , ,... , , ,...
where only the fields that change sign are shown; all other fields have the same sign in both terms. For eq (29) and the remainder of the averaging procedures in this paper, it is implied that if a field changes sign (e.g.   2  ), then its antiparticle field also changes sign (e.g.   
Keeping in mind SU(5), the particle content of the chiral fermions can now be labelled as follows:
  N are assumed to be heavy. One can also see that due to the off diagonal form of the left-handed quarks, there are terms in 1 IH L involving squarks that have only a single lepton field. These terms imply interactions that violate lepton number conservation.
The next stage of averaging is the color averaging defined in the Appendix and notated with double brackets. The Lagrangian after this averaging is labelled with a "2" index:
In particular, from eq (A11), color averaging transforms 1 IH L into the following: * 88 12  2  2  2  2  2  2  2  9  9  9  9   2  2 . .
where the 3x3 matrix notations of eqs (5) and (31) are used above. There are a couple of things to note about 2 IH L . First, color averaging has caused the lepton number violating terms to cancel. Second, if symmetry breaking causes the following neutral (see eqs (9) and (23)) sleptons to acquire vacuum expectation values
then 2 IH L generates quark mass terms. However, at this stage of averaging, there is no difference between quark masses in different families and no Cabibbo mixing [4, 13] .
To introduce a Cabibbo angle, 2 IH L can be re-expressed in terms of the following rotated variables: cos cos sin cos sin
This averaging has generated the needed Cabibbo angle between the two families.
Additional averaging procedures can be performed to allow different masses for quarks in different families. The following averaging procedures are defined: Full specification of the superpotential and any additional soft symmetry breaking terms required to generate vacuum expectation values for scalar fields is outside the scope of this paper. Nonetheless a few comments are in order.
Consider a superpotential where there is no mixing between squarks and sleptons, so it can be split into two parts: 12 W W W . One possibility for the squark superpotential would be
Through the F-terms, this choice for 1 W would give masses to the squarks, allowing them to be heavy relative to current experimental energies. But due to the half-flipped definitions of eq (28), the second derivative term in WH L has the danger of creating mass terms that mix leptons and quarks. Fortunately that term vanishes after color averaging 
so there would be no quark-lepton mass mixing from a squark superpotential like 1 W . As for the slepton superpotential, if it includes the term 2 
